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Purpose. To reproduce a model of form deprivation myopia in chicks and to study the 
regulation of eye growth in chicks. 
Methods. The right eyes of white Leghom chicks, hatched from eggs, were occluded by 
placing white translucent occluders from 1 day after hatching. At 1 day, 1, 2，4, 6, 8, 10, 
or 12 weeks after occlusion, refractive states of the eyes were accessed, and the anterior 
chamber depth, the lens thickness, the vitreous chamber depth and the axial lengths of 
chick eyes were examined by A-scan ultrasonograph in vivo. Then the chicks were killed 
by CO2. The growth of the eyes were again measured by the axial, the horizontal and the 
vertical lengths by calipers ex vivo. The weights of the eye globes were also recorded. 
Histological studies of the retinal sections and morphometric studies of the amacrine and 
horizontal cells were conducted. 
Neutralized iodoacetic acid (IAA), glutamate or 5,7-dihydroxytryptamine (5,7-
DHT) were intravitreally injected to the 2-week chick eyes. At 2 weeks after injection, 
the chicks were killed by CO2. Caliper measurements and weights of the eye globes were 
taken. The retina was studied histopathologically and terminal deoxynucleotidyl 
transferase-mediated dUTP-biotin nick end labelling (TUNEL) labelling for Nicked DNA 
ofretinal cells was examined. 
At one week after eye occlusion, the chicks were reared under the constant green 
light, constant white fluorescent light, constant darkness, or dark/light cycle condition. At 
1 
2 weeks after occlusion, the chicks were killed by CO2. Caliper measurements and 
weights of the eye globes were taken. 
Results. Compared with the normal eyes, the occluded eyes possessed minus diopter 
states, a deeper anterior chamber and vitreous chamber, longer the axial, the horizontal, 
vertical lengths, and heavier weight of the eye globes. We noted a biphasic growth of all 
chicks: an early faster phase, and a later slower phase. In the normal eyes, the first faster 
phase of growth in the axial length extended day 1 to day 42, while in the occluded and 
their fellow eyes, the faster phase extended day 1 to day 28. 
The axial length of all IAA injected eyes either occluded or open was 
significantly shorter than that of their corresponding control eyes. IAA injection into the 
open eyes retarded the increase of axial length of the contralateral non-injected occluded 
eyes. The horizontal and vertical diameters showed similar trends with no statistically 
significant difference between the injected and non-injected eyes. The weights of the IAA 
injected eyes were significantly lighter than that of non-injected eyes. The retinas ofIAA 
injected eyes showed severe degeneration with extensive loss of retinal architecture and 
moderate gliosis. Few necrotic neuronal cells remained but the contralateral retinas were 
unaffected. 
Injection of glutamate or DHT into the occluded or the open eyes, eye growth in 
the occluded eyes was retarded; but there was no difference between the injected 
occluded and non-injected occluded eyes when their corresponding open eyes were 
injected. Eye growth in the open eyes was unaffected by the injection. 
Under constant darkness, eye growth in the occluded eyes was the same as the 
open eyes; but under constant light, eye growth of the occluded eyes was faster than that 
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of the fellow open eyes. There was no difference in eye growth between the constant 
green light condition and the constant white fluorescent light condition. 
Conclusion. Myopia and eye elongation could be induced by occlusion. There were 
biphasic growth patterns in eye growth in chicks that were affected by occlusion of the 
eyes or occlusion of the fellow eyes. 
These observations on growth pattem analysis and the effect on eye growth by 
pharmacological/environmental manipulation of the retina and retinal images suggested 
that eye growth was predominately controlled by intraocular mechanism with a minor 
contribution from brain-mediated mechanism. Normal and occluded-induced eye growth 





遮蓋 1， 2 ’ 4，6，8，10或12周，進行視網膜檢影和用人型超聲波測量 
眼球的前後徑，然後用二氧化碳汽體無痛處死，用數字卡尺測量眼球 
的前後徑，水平徑和垂直徑，并測量眼球之重量，用蘇木精一伊紅染 
色和ca l re t in in免疫組織化學方法研究視網膜的形態學改變，無長突細 
胞和水平細胞的形態計量學改變。 
用已遮蓋 2周的雞在遮蓋眼或非遮蓋眼乏玻璃體腔內分別注射 
埃乙酸（ I A A )，谷氨酸（G l u t a m a t e )或 5,7-dihydroxytryptamine (5,7-
D H T )，觀察二周後無痛處死’并測量眼球的前後徑，水平徑和垂直 
徑，測量眼球的重量’蘇木一伊紅染色和原位末端脫氧核糖核酸轉移 







的快速生長期是從 1天至 4 2天，而遮蓋眼及其對側眼，快速生長期 
從 1 天 至 2 8 天 。 
眼球玻璃體腔注射了 I A A 後，眼球的前後徑明顯短於未注射 





















Myopia was recognized by the ancient Greeks (Schaeffel 1995). In recent 
decades, its prevalence is increasing and reaches 70-90 % in some Asian populations 
(Saw et al., 1996; Zadnik, 1998). The common treatment of myopia is neutralization by 
spectacle lenses or contact, more recently, by refractive surgery (Sanders et al., 1998; 
Lazzaro et al., 1996; Kitazawa et al., 1999; Detorakis et al., 1998). Although visual 
acuity is restored in most cases of myopia, optical correction remains somehow 
unsatisfactory as the progression in pathologic myopia cannot be controlled and the 
pathogenesis of the development ofrefractive error remains unclear. Therefore, a study of 
the relationship of genetics, visual experience and eye growth is desirable. 
Various aspects of human myopia have been studied in the last century. Research 
has produced evidence for a genetically based etiology of myopia as well as for an 
environmental influence on the development of myopia, centering on accommodation 
and near work (McBrien and Bames, 1984). It is as yet unknown what relative roles 
"nature" and "nurture" components play in the onset and progression of human myopia. 
There are many limitations in attempting to discem their relative roles through 
epidemiological and clinical research. The fortuitous discovery that abnormal axial length 
» 
elongation of eye globe occurs in certain animal species during visual deprivation is 
largely responsible for the resurgence of research interest in myopia as experimental 
6 
manipulation became possible in the study of the etiology myopia (Wallman et al., 1978; 
Wiesel and Raviola, 1977). 
Animal studies on myopia have been carried out on monkeys (Young, 1961a; 
1961b; Wiesel and Raviola, 1977; Raviola and Wiesel, 1978; Smith et al., 1987), tree 
shrews (Marsh-Tootle and Norton, 1989; McBrien and Norton, 1987a; McBrien and 
Norton, 1992; Siegwart and Norton, 1993), marmosets (Troilo et al., 1987; Troilo and 
Judge, 1993)，guinea pigs (McFadden and Wallman, 1995), cats (Kirby et al., 1982; 
Nathan et al., 1984; Smith et al., 1980) and chicks (Wallman et aL, 1978; Osol et al,. 
1986; Wallman and Adams, 1987). But monkeys, tree shrews and chicks have been the 
most widely used animal models. Early experimental myopia was induced in young 
monkeys by eyelids suturing (Wiesel and Raviola, 1977; Raviola and Wiesel, 1978). But 
the high cost involved, and the difficulty in obtaining monkeys in adequate number for 
good experimental design and control, forced the researchers to look for more convenient 
experimental animals. Severe myopia developed in the chick eyes after a few weeks of 
visual deprivation. Chicks are available from the day of hatching and sufficient numbers 
to provide proper experimental manipulation. The chick has become an important model 
for study of myopia. 
In this study, we induced myopia in chicks by monocular occlusion followed by 
the report by Wallman and Ledoux (1978). We examined the refractive states, the axial, 
the horizontal, and the vertical lengths in vivo or ex vivo after enucleation. 
The chick eyes become myopic and elongated when deprived of form vision in 
the entire visual field or only part of the visual field (Diether and Schaeffel，1997). The 
deprivation must be continuous to induce myopia. Even as little as two hours of normal 
7 
vision per day would almost completely eliminate the effect of 12 hours of deprivation 
fNapper et al., 1995; Napper et al., 1997). In addition, myopia and eye elongation would 
be observed in the occluded eyes even when the optic nerve was sectioned (Troilo et al., 
1987; Wildsoet and Pettigrew, 1988; Wildsoet and Wallman, 1992). These observations 
suggested that the control of eye growth by vision seems to take place in local regions of 
the eye (Laties and Stone, 1991; Wallman, 1996). In our study, we used retinal toxins to 
cause the severe retinal neuronal degeneration or some parts of retina neuronal damage, 
to determine the effect on eye growth in the occluded and fellow open eyes. 
It has been also reported that myopic eyes were sensitive to the environment. 
Changing the lighting conditions may affect eye growth (Raviola and Wiesel, 1978; 
Whitley et al., 1985; Guyton et al., 1989; Yoshino et al.’ 1997; Schwahn and Schaeffel, 
1997; Guo et al., 1996; Yinon, 1984; Oishi and Lauber, 1986). In this study, we 
evaluated the effect on the eye growth under the constant green light or white fluorescent 






3.1. Myopia in Human 
3.1.1. Different types of myopia 
Goldschmidt (1968) suggested that myopia existed in at least three different 
forms: simple or stationary; late, and high, pathologic, or degenerative. 
Simple or stationary myopia is the most common type. It develops during the 
period ofbody growth and is usually mild, rarely exceeding 6 to 9 diopters. It is believed 
to be mainly genetically determined by a polygenic mode of inheritance (Goldschmidt, 
1968). 
Late myopia begins after somatic growth ceases. It is rarely severe and seems to 
be related to environmental conditions, such as excessively close visual work (Ciuffreda 
and Wallis, 1998). These first two forms of myopia are rarely accompanied by significant 
pathologic changes in the ocular structures. 
High, pathologic or degenerative myopia has been found to be the seventh leading 
cause ofblindness in the United States (Hotchkiss and Fine, 1981). Under this condition, 
� m y o p i a develops during youth and progresses throughout life, often reaching high 
degrees of refractive error. The process is more common in women than in men and is 
associated with many ocular and systemic anomalies, such as ocular albinism, 
pigmentary retinal degeneration, retrolental fibroplasia, Marfan's syndrome, Down 
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syndrome, Ehlers-Danlos syndrome, low birth weight (Quinn et al., 1992; Zubcov et al., 
1996; Bianchi, et al., 1996; Gribomont, 1998), and eyelid closure in infants (Hoyt 1981). 
Goldschmidt concluded that both heredity and environment played a causative role in 
high myopia, with one of factors dominating in any particular patient. 
In addition, Curtin (1979) stated that the classification of myopia was pathologic 
and physiological myopia. Intermediate myopia was between them (Otsuka, 1967). 
A simple classification of myopia was by degree. Hine (1949) classified myopia 
of less than 3 D as low, of 3 to 6 D as moderate, and of more than 6 D as high. 
Weymouth and Hirsch (1991) classified myopia of more than 15 D as very high myopia. 
3.1.2. The pathologic changes in the myopic eye 
Quality of life may be adversely affected in pathologic myopia. In the United 
States, pathologic myopia represents the seventh leading cause ofblindness (Hotchkiss et 
al., 1981). The basic feature of pathologic myopia is the enlargement ofthe eyeball with 
lengthening of the posterior segment. Posterior staphylomas were observed in 19 % of 
myopic eyes with axial lengths of 26.5 mm or more (Curtin et al, 1971), and were also 
more prevalent with increasing age. Eyes with posterior staphylomas have a guarded 
visual prognosis because 19.6 % of these eyes in one study were legally blind. After the 
age of 60 years, 53.3 % of eyes with staphylomas were legally blind (Curtin, 1977). 
Elongation of the globe in the anteroposterior dimension takes place with 
‘ progressive thinning of the posterior sclera, which eventually gives rise to what is seen 
grossly as a posterior ectasia or staphyloma. Curtin (1977) found that these defects 
involved the posterior pole, the macular area, the peripapillary zone, the nasal area, or the 
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inferior fundus. Compound and complex forms were also described. Light microscopic 
examination of the thinned ectatic sclera reveals meridional collagen bundles that are 
thinned, with a reduction in refringency; a loss of dark longitudinal fiber striations; and 
fibrous bundle dissociation. Cross-sectioned equatorial bundles show fibers that are 
separated, reduced in size，and splayed in the anteroposterior plane. In cases of higher 
grades of myopia, the thinned sclera may even appear lamellar (like comea) or 
amorphous. In the posterior sclera of five staphylomatous eyes studied with transmission 
electron microscopy, Curtin and colleagues (1979) noted a predominantly lamellar 
arrangement of the collagen fiber bundles. The collagen fibrils within the bundles were 
seen to be smaller, more dispersed, and more uniform than in the normal sclera. They 
also had a unique star-shaped pattem on cross-section. These changes were interpreted as 
being compatible with an abnormal proteoglycan composition of interfibrillary substance 
in the ectatic sclera. 
With progressive elongation of the globe and ectasia of the posterior sclera, 
associated chorioretinal changes occur. Histologically, a generalized thinning of the 
choroid occurs, which progresses to loss of the choriocapillaris and leads to atrophy of 
the choroid, especially at the base of the staphyloma. Linear tears (lacquer cracks) or the 
Bruch's membrane, RPE, and choriocapillaris complex may occur. Fluorescein 
angiographic observation by Klein and Curtin (1975) suggested that these tears heal to 
form fine, irregular yellow lines that often branch and crisscross at the posterior pole. 
These lines, called lacquer cracks, are seen in only 4.3 % of the highly myopic eyes (axial . 
length of 26.5 mm or more), and they affect predominantly young men. They studied of 
22 eyes with lacquer cracks, all of which had staphylomas and temporal crescents. 
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Significantly, seven eyes also showed choroidal hemorrhages along the course of lacquer 
cracks. Avila and co-workers (1984) also observed these lacquer cracks in 82 % of 149 
myopic eyes with choroidal neovascularization. These lacquer crack lesions were also 
found in the eyes of experimental myopia in chicks (Hirata et al, 1998) 
With atrophy of the choriocapillaris subsequent degeneration of the retinal 
pigment epithelium (RPE) and outer retinal layers occurs. Curtin and Karlin (1971) found 
the presence of chorioretinal atrophy was directly related to ocular axial length and age. 
They also observed such atrophy most commonly seen in the posterior pole associated 
with staphyloma (77.5 %) and annular-type myopic crescents (56 %). The chorioretinal 
changes just described predispose the myopic retina to retinal breaks and thus to retinal 
detachment (Dumas and Schepens, 1966). Retinal breaks usually occur in areas involved 
with chorioretinal lesions, but they may also arise in areas of apparently normal retina 
(Dumas et al., 1966), A small percentage of this retinal breaks progresses to 
rhegmatogenous retinal detachment (Hyams et al., 1974). In patients with myopia who 
develop retinal detachment, Menezo and co-workers (1977) found the horseshoe type and 
punched ~out, round retinal tears to be the most common. The tendency of the myopic 
retina to progress from retinal breaks to detachment is 34 to 79 % in myopic patients; as 
opposed to the 5 to 18 % in the general population (Schepens et al., 1966). In fact, with 
each increase in the severity of myopia, the risk of retinal detachment also increases. 
Kaluzny (1970) estimated that the risk of retinal detachment for 5-diopter myopia is 15 
times that for emmetropia; for eyes with 20-diopter myopia, the likelihood of retinal 
detachment is 110 times that of normal. 
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3.1.3. The prevalence of myopia 
Myopia was recognized by the ancient Greeks (Schaeffel, 1995). In recent 
decades, its prevalence has increased. A large population-based study of people aged 4 to 
74 years in the U. S. showed that 43 % had low myopia (less than -5.0 diopters), 3.2 % 
high myopia (-5.01 to -10.00 diopters), and 0.2 % had extreme myopia (more than — 
10.00 diopters). In Asian populations, these proportions may be much higher and in 
African and Pacific island groups, much lower (McCarty et al., 1997). 
Table 3.1. listed the prevalence of myopia in some locations of world (Zadnik and 
Mutti, 1998). It is believed that the prevalence of myopic may be affected by a variety of 
factors such as culture, degree of genetic influence，ethnicity, socio-economic status, 
degree of nearwork performed and ocular anatomy (Zadnik et al., 1998). 
Table3.1. Prevalence of myopia by geographical location 
study Locationy'race Age Prevalence of myopia 
(yr) (o/o) 
Abioseetal., 1980 Nigeria/African 12-20 <2.0 
Hymans et al., 1977 Israel/Jewish >40 11.6 
Shapiro et al., 1982 IsraelAFewish 18-25 13.0 
Sperduto et al., 1983 USAy'Caucasian 12-54 26.3 
Sperduto et al., 1983 USAy'African- 12-54 13.0 
American 
Taylor, 1980 Australia/Aborigine 20-30 4.8 
Taylor, 1980 Australia/European 20-30 13.5 
origin 
Van Rens and Arkell, Alaska/Eskimo 5-80+ 44.7 
1991 
Wick and Crane, 1976 USAyTS[ative 6-10 13.0 
American 
Zadnik et al., 1994 US"Caucasian 6-14 7.5 
3.1.4. Hereditary influence in human myopia 
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Heredity has been believed to play an important role in refraction. A North 
American study on 10 pairs of twins found a correlation of +0.67 in refractive states 
among fratemal twins (Wixon, 1958). A British study also found that both ocular 
components and refractive error were better correlated in identical twins than fraternal 
twins were (Sorsby, 1962). Fratemal twins raised in the same environment showed little 
or no similarity in refractive error compared to normal siblings. More recent studies on 
twins found a significant difference in the concordance of refractive error and comeal 
curvature between identical and fratemal twins (Angi et al., 1993; Lin et aL’ 1987; Chen, 
1985). These studies in twins strongly suggest an important role ofheredity in myopia. 
Yap and coworkers (1993) surveyed a large population of school children of 
Chinese descentent to determine the role of heredity in the pathogenesis of myopia. They 
found that children with myopic parents are more likely to be myopic. In an extensive 
epidemiological study of myopia, Goldschmidt (1968) concluded that there is no 
common genetic background for all myopia. Sorsby and Benjamin (1973) suggested that 
there are two polygenic systems involved in the correlation of ametropia (one 
determining axial length and the other comeal power) and that it will therefore be 
difficult to identify any monofactorial pattem in refractive error. Goss et aL (1988) 
reviewed the literature and pointed out the lack of agreement in the literature concerning 
the inheritance of myopia. They also concluded that ‘low’ myopia is most likely under 
multifactorial control (i.e. the phenotype is determined by multiple genes and by 
environmental factors). Chen et al. (1985), in a study of Taiwanesee Chinese twins 
between the ages of 10 and 15 years, suggested that there is a significant additive gene-
environment interaction, i.e. the expression of the genotype is modified by environmental 
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factors. Edwards (1991) suggested that infants with both myopic parents were 
significantly more myopic between the ages of 20 and 40 weeks than infants with no 
myopic parents. Zadnik et al. (1994) found that children with two myopic parents have 
longer eye globes than do children with non-myopic parents, even though the children 
were still hyperopic at the time of measurement. Measurements of cycloplegic refraction, 
however, showed that these children were less hyperopic than the children with non-
myopic parents. In addition, the reported amount of time when the children spent in near 
work was also linked to eye length, but this relationship was not as strong as the link with 
parental myopia. The premyopic eye in children with a family history of myopia already 
resembles the elongated eye present in myopia, even before the onset ofjuvenile myopia. 
These observations are indicative of a genetic component on myopia of children. 
3.1.5. Environmental influence in human myopia 
From some of the previously referenced studies, it seems clear that there is strong 
environmental influence in myopia development. Many studies have shown that close 
work, and consequently, the level of education, has the closest association with myopia 
development (Beldwin, 1990). Level of education presumably is associated with large 
amounts of reading. Nearwork is associated with increased incidence of myopia in the 
population studied. The general correlations are in the range of 0.1-0.2D of myopia per 
year of education. Furthermore, the amount of nearwork appears to account for more of 
the similarity in refractive states within families than does genetics (Bear, 1990). 
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Living in rural areas is associated with a lower prevalence of myopia. The city 
children, who lived in smaller homes, spent more time reading, watched more television 
and exercised less than the village children have high prevalence of myopia. 
3.1.6. Nutrition in human myopia 
Diet has been implicated in development of myopia, although less convincingly. 
An association between myopia and nutrition has been found in a number of studies. 
Edwards and coworkers (1996) compared the nutritional intake and body measurements 
for a group of children who subsequently became myopic with that of a group who did 
not become myopic. They found that children who developed myopia had a generally 
lower intake of many of the food components than children who did not become myopia. 
The differences were statistically significant for energy intake, and consumption of 
protein, fat, cholesterol, vitamins B1，B2, and C, phosphorus, and iron. 
3.1.7. Pharmacological agents used to prevent progression of myopia 
Pharmacological agents have been used in an effort to stop the progression of 
myopia. Atropine, scopolamine, tropicamide cyclopentolate, as cycloplegic agents to 
induce paralysis of accommodation to prevent myopic progression (Goss, 1982; Vogel, 
1988; Nesterov et al., 1990; McBrien et al., 1993; Gilmartin et aL, 1995; Stone et aL, 
1996; Chou, et al, 1997; Lin et al., 1998; Tokueva and Batmanov, 1998; Kleinstein et 
cd., 1999; Shih, et al, 1999). Treatment with the cycloplegic drug atropine seems to have 
been most successful. But no clinical study has provided definite proof that progression 
of myopia is so radically reduced as to justify the treatment. In some studies, vitamins, 
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minerals or dietary supplements have been given in an attempt to strengthen the sclera, 
but there has been no clinical proof that modification of diet can control myopia. There 
may be individual cases in which metabolic disturbances play a role in the development 
of refractive error, but the great majority of the myopic children is healthy and comes 
from the higher social classes. 
3.1.8. Contact lenses in the prevention of progression of human myopia 
It is controversial whether or not hard contact lenses are effective in the control of 
myopia. There seems to be no doubt that comeal flattening accounts for most of the 
reported decrease in progression of myopia. It remains to be established whether this 
modelling of the cornea is permanent and whether there is also an effect on axial growth. 
Grosvenor and his coworkers (1989) studied 100 myopic children between the ages of 8 
and 13 years who were fitted with silicone-acrylate contact lenses by the alignment 
method. After two years, 60 subjects remained in this study; of these, 53 were wearing 
lenses in a regular basis and the other seven wore them irregularly. The mean increase in 
myopia during the two years was 0.28 D for the subjects who wore their lenses regularly 
and 0.93 D for the others. This was in contrast to increase of 0.80 D in a group of31 age-
matched children wearing spectacles with single vision lenses. The mean comeal 
refractive power was found to decrease (the comea flattened) by 0.33 D in the regular 
hard contact lens wearers, to an increase 0.14 D in the irregular wearers to a decrease by 
0.13 D in the spectacle wearers. The mean of changes in axial length was an increase of 
0.1 mm in the regular wearers, an increase of 0.6mm for the irregular wearers and an 
increase of 0.6 mm in the spectacle wearers. These observations show that approximately 
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half of the effect of contact lenses in controlling myopia can be attributed to comeal 
flattening, and support the suggestion that contact lenses wom by young myopes may 
also have an effect on the control of the axial length of the eye. 
f 
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3.2. Animal Models on Experimental Myopia 
Experimental myopia were induced in different animal models such as in monkey 
(Young, 1961a; 1961b; Wiesel and Raviola, 1977; Raviola and Wiesel, 1978; Greene and 
Guyton, 1986; Smith et aL, 1987; Stone et al., 1988; Kiorpes and Wallman, 1995), tree 
shrews (Sherman et al., 1977; Marsh-Tootle and Norton, 1989, McBrien and Norton 
1987a; McBrien and Norton, 1992; 1994; Siegwart and Norton, 1993; 1998; Norton, 
1994; Norton and Rada, 1995; Phillips and McBrien, 1995; Cottriall and McBrien, 1996; 
Gentle and McBrien，1999)，marmosets (Troilo et al., 1987; Troilo and Judge, 1993; 
Graham and Judge, 1999)，guinea pigs (McFadden and Wallman, 1995), cats (Kirby et 
al., 1982; Nathan et al., 1984; Smith et aL, 1980) and chicks (Wallman et aL, 1978; Osol 
et aL, 1986; Wallman and Adams, 1987; Liang et a.l, 1996; Seko et al, 1998; Schmid et 
al., 1999). 
3.2.1. Experimental myopia in monkeys 
Structurally and fimctionally, the monkey eyes are close to the human eyes. 
Hence, many studies of myopia were carried out in monkeys. Two visual manipulations 
that resulted in myopia in monkeys have been reported. One was visual deprivation 
myopia by the wearing of translucent diffusers or lid-suture. The other was 
compensational myopia, resulting from raising an animal with a negative spectacle lens 
over one eye, thereby imposing hyperopic defocusing (image behind the retina) on that 
f 
eye. 
In the 1960's, Young and his coworkers (1961a, 1961b) found an association 
between myopia and "a near work situation". They kept nine mature Macaca nemestrina 
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monkeys in special restraining chairs fitted with white-painted boxes, which restricted 
visual space to a mean distance of fourteen inches (35 cm). After eleven months, the 
mean refraction ofthe monkeys in the treatment group changed from -0.33 D to -1.10 D 
(SD 0.28 D), while that of the control group changed from 0.00 D to ~0.19 D. This 
experiment suggested that myopia may be the result of a closework situation. In addition, 
Young demonstrated that myopia could be induced experimentally. 
Wiesel and Raviola (1977) noted myopia in M. mulatta and M. arctoides monkeys 
in which the eyelids had been sutured. The eyes were larger with myopia in all nine 
young animals, but not in the adult animals. The fused lids attenuated light by about half 
a log unit and thus prevented pattem vision without blinding the animals (Raviola and 
Wiesel, 1978). The younger the monkey at the time of lids closure and the longer the 
duration ofthe lid closure, the greater the degree of myopia and eye growth. The results 
were due to the lengthening of the posterior chambers with no significant corneal 
changes. In addition, they showed that the myopia was not due to lid pressure, increased 
conjunctival sac temperature or increased intraocular pressure (1979). In fact, the fused 
lids formed a translucent barrier that prevented any real pattem vision and thereby 
present an abnormal input to the visual cortex. 
Lid fbsion causes myopia only when the monkeys were kept in the light. Raviola 
and Wiesel (1978) studied monkeys raised in the dark after monocular lid fusion. 
Refraction and axial length were normal in both the closed and open eye. However, 
myopia readily developed and the eye elongated.when a monkey raised in the dark was 
transferred to illuminated quarters. These findings indicated that visual stimulation 
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through the translucent lids was necessary for the development of this experimental 
ametropia. 
Although these experiments were important in studying eye growth and myopia, 
the experiment is expensive and difficult to perform with an adequate number of 
monkeys for a good experimental design and control. In addition, deprivation myopia 
develops slowly in monkeys taking 10-18 months after suturing lids. The observation 
period is usually 36 months. So other animal models are needed. 
3.2.2. Experimental myopia in tree shrew 
As an animal model of myopia, the tree shrew combines some advantages of the 
chicks, in that it matures rapidly, and of the monkey, in that it is closely related to human 
as a primate. Tree shrews are small, diumal mammals (150-200g) that were highly 
dependent on vision for living. They breed readily in captivity and have 1-4 pups per 
litter. The pups are quite altricial at birth, resembling rat pups in their size and level of 
development. The eyes open approximately 19 days after birth. About two weeks after 
eye opening, the animals gradually begin to emerge from the nest (Martin, 1968), and 
display visually guided behaviors such as visual placing (McBrien and Norton, 1987a). 
By three to four months after birth the animals are nearly mature (axial length of the eye 
being approximately 7.8nun) (Marsh-Tootle and Norton, 1989; McBrien and Norton, 
1987a) and were capable of bearing young ones. The development of deprivation myopia 
in the tree shrew is between 15-35 days. Just like monkeys, compared with the 
contralateral open eyes, the lid-sutured eyes were myopic, the comeas were flatter, and 
their axial lengths were greater due to an elongation ofthe vitreous chamber. 
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Similar to the monkeys (Raviola and Wiesel, 1978), McKanna et al. (1983) found 
that monocular visual deprivation of the tree shrew did not produce myopia or axial 
elongation if the animals were raised in the dark. These findings support the idea that 
patterned stimuli on the retina of the deprived eye play a critical rule. 
Accommodation studies were also carried out in tree shrews. McKanna and 
Casagrande (1981b) found that instillation of atropine sulphate beneath the closed eyelid 
during the period of monocular visual deprivation prevented the development of 
experimental myopia. The prevention of the myopia may have been due to the blockade 
of accommodation, as suggested by Mckarma and Casagrande (1981b). However, Stone 
and colleagues (Stone et aL, 1989) found subconjunctival administration of drugs can 
alter dopamine levels within the retina. Another possibility is that atropine may have 
directly affected muscarinic cholinergic receptors in the retina, choroid or sclera and 
affected local mechanisms within the eye that would otherwise have produced myopia. 
McBrien and Norton (1987a) found that deprivation of form vision for the first 15 
days after eye opening did not cause an elongation of the vitreous chamber of 0.25 mm 
over the open control eye. In contrast, pups deprived of form vision for the first 30 days 
after eye opening had a vitreous chamber enlargement of 0.25 mm over the open control 
eye. Older animals visually deprived during Days 48-60 and Days 63-75 of visual 
experience, showed smaller amounts of myopia and less vitreous chamber increase than 
the younger animals, and the changes were statistically significant. These observations 
suggested that tree shrews are sensitive to visual deprivation beginning at around 15 days 
of visual experience. In older animals (seven weeks of visual experience and older), in 
which the eyes are approaching adult dimensions (Marsh-Tootle and Norton, 1989; 
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McBrien and Norton, 1987a)，there is a reduced response to the period of monocular 
visual deprivation. The sensitive period for the development of myopia in tree shrews 
was comparable to that of the chicks (Pickett-Seltner et aL, 1987，Wallman and Adams, 
1987)，except that it begins several weeks after birth rather than immediately after 
hatching. There is a rough correspondence between the onset of the sensitive period in 
tree shrew pups and the onset of some visually guided behaviours, such as visual 
placement of the forelimbs when the animal is lowered towards a surface (Hein and Held, 
1967). This behaviour must depend on relatively high activity in retinal neurons, as well 
as neurons at higher levels in the visual pathway. Casagrande and Condo (1988) showed 
that light-evoked potentials in the cerebral cortex were small and immature in their wave 
form about 10 days before eye opening and were relatively adult-like by about 10 days 
after eye opening. Thus, the onset of high visual responsiveness of retinal neurons may 
occur at about the beginning of the sensitive period for development ofmyopia. 
Although the tree shrew is a good species to study the development of myopia, it 
is also difficult to acquire and to raise. 
3.2.3. Experimental myopia in marmosets and guinea pigs 
Marmasets breed readily in captivity and are relatively easy to obtain in sufficient 
numbers. They are moderately to highly hypermetropic at birth and the variance of the 
refraction reduces with increasing age. Normal adult marmosets typically develop small 
amounts of myopia (Troilo and Judge, 1993). Development of experimental myopia takes 
about twelve weeks in the marmoset and, as in macaque monkeys, when normal vision is 
restored, no recovery takes place (Troilo et al., 1990; Troilo and Judge, 1993). 
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McFadden and Wallman (1995) investigated the effect of lens-induced blur image 
on the guinea pig. They found that the guinea pig could compensate well for hyperopic 
defocus but only for small amounts of myopic defocusing. 
3.2.4. Experimental myopia in chicks 
Myopia in the chick eyes has become popular because chicks are readily available 
in sufficient numbers to provide proper experimental controls. There are three major 
visual conditions to induce myopia in chicks: deprivation, recovery from deprivation, and 
spectacle lens-induced refractive error. 
Chicks show extraordinary sensitivity of the immature visual system and develop 
extreme axial myopia within a few weeks if their vision is restricted to the frontal visual 
field, or ifform vision is deprived (Wallman et al., 1978; Osol et al., 1986; Wallman and 
Adams, 1987). 
Several short periods of normal visual stimulation per day were more effective in 
preventing the development of form deprivation myopia and axial elongation than was 
one single period of the same total duration, after both 2 and 3 weeks of treatment. 
Napper and his coworkers (1995) demonstrated that 2 hours of unoccluded vision per day 
was able to prevent the development of the high degree of myopia and axial elongation. 
On the other hand, they also found that several short periods (two exposures of 15 
minutes foduration each, or three exposures of 10 minutes each) of normal visual 
stimulation per day were more effective in preventing the development of form 
deprivation myopia and axial elongation than was one single period of the same total 
duration (a continuous period of 30 minutes), after both 2 and 3 weeks of treatment 
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OSfapper et al, 1997). These studies demonstrated that the regulation of ocular growth 
was affected by short periods of normal visual stimulation in the presence of long periods 
of abnormal stimulation. 
Chicks could also recover from myopia. At all ages, myopia could recover nearly 
completely within two weeks (Wallman and Adams, 1987). It appeared that the younger 
birds recovered more rapidly than the older ones, but it was difficult to disentangle this 
statistically from the possibility that the rate of recovery was related to the degree of 
myopia, since the younger birds began the recovery period with higher levels ofmyopia. 
There appeared to be a vision-dependent growth-regulating mechanism in chicks that had 
the effect of controlling refractive status during development. During the period of rapid 
eye growth, restriction of vision caused an increase in the growth of the vitreous 
chamber, resulting in a high level of myopia and a greater increase in the variability of 
refractions. Ifunrestricted vision was restored during this period, the regulatory processes 
resume, because all eyes rapidly recovered from the myopia, apparently at a rate 
proportional to their degree of ametropia. 
Gottlieb and his coworkers (1987) found that a longer period of dark-rearing 
produced hyperopia in form deprived eyes, apparently because the corneal flattening 
exerted a greater effect than the increase in vitreous chamber depth. Hyperopia was also 
reported in dark-reared monkeys (Regal et al.’ 1976), and cats (Yinon and Koslowe, 
1984). Two mechanisms may be at work in the dark-reared animals: one was responsive 
to the visual deprivation, causing the eye to enlarge; another was responsive to the lack of 
a daily photoperiod, caused the comea to flatten. At 2 weeks of age, these two effects just 
balance each other so that the eyes are approximately emmetropic. 
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3.2.4. Summary 
Experimental myopic research have been carried out in monkeys, tree shrews, 
marmosets, guinea pigs, cats, and chicks, monkeys, tree shrews, and chicks as common 
animals. Myopia is induced these animals through deprivation (wearing of translucent 
diffiisers or lid-suture) or compensation (a negative spectacle lens). The induction of 
myopia is strongly age-dependent: the younger the animals, the greater the myopia. 
Environmental factors can affect the outcome. If the animal is in the dark-reared, the eye 
becomes normal or hyperopic. 
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3.3. Pharmacological Studies in Experimental Myopia 
There is a large volume of evidence of an association between restriction ofvisual 
input and changes in either eye size or refractive error. A number of studies had 
suggested that the quality of visual input, be it absent, defocused or degraded, had a 
crucial role in the eye growth and the development of myopia (Wallman et aL, 1987; 
Hodos et aL, 1984; Gottlieb et al, 1987). In addition, in eyes of diumally reared chicks 
that were partially deprived of form vision, the elongation of the posterior globe 
characteristic of axial myopia was restricted to the visually deprived region of the eyes 
(Wallman, 1987; Michael et aL, 1987). So studies were carried out on the retinal 
pathway, using retinal toxins to damage the total retina or some specific retinal cells to 
determine their effects on eye growth. 
Formoguanamine (FG) was a uracil analogue that damages the retinal pigment 
epithelium and the adjacent photoreceptor layer. Oishi et aL (1988), Lauber (1990) and 
Westbrook (1995) studied the effect of intravitreal injection of FG in form deprived 
myopic chick eyes. The retina and the choroid were marked thinner after injection. The 
majority of the thickness reduction occurred between the outer limiting membrane and 
Bruch's membrane. The most obvious change in many of the sections was the withdrawal 
of photoreceptors from the microvilli of the EPE cells in which they were normally 
embedded. Intracellular and extracellular oedema could be seen in the smaller, darker and 
more conspicuous nuclei in both the inner nuclear and the ganglion cell layers. They 
found FG inhibited eye enlargement in the occluded eyes but did not interfere with 
normal eye growth. 
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Heacock (1982), Defoe et al. (1986) and Ehrlich et al. (1990) studied intravitreal 
injection oftunicamycin (0.1 or 1 ^ig^ye). They showed that the treated retina displayed 
massive disruption and loss of all cell types apart from a single row of pigmented retinal 
epithelium. Eye growth was inhibited. 
Iodoacetic acid (IAA) is a metabolic inhibitor, which was first shown to produce 
toxic effects on the mammalian retina through intravenous administration (Morgan et al., 
1997). Depending on the dosage, the toxic effect of intravenous IAA may be reversible or 
may lead to photoreceptor cell death. IAA has been shown to cause impairment of 
photoreceptor structure and function in several species including cat, rabbit, and monkey 
(Morgan,er aL, 1997; Kramer et al.’ 1971; Iuvone et al., 1987; Zawilska et al., 1994; 
Muresan et al., 1993; Wagner et al., 1993). The dose which leads to photoreceptor cell 
degeneration by intravitreal injection may also cause severe systemic side effects which 
hinder its application as a useful method for inducing retinal degeneration. Intravitreal 
injection with IAA may damage inner retinal neurons, such as bipolar and ganglion cells, 
as well as the photoreceptor cells (Brune et aL, 1980). So large dosage of IAA could 
cause severe retinal neuronal degeneration. But whether severe retinal neuronal 
degeneration affects eye growth, is not know. 
Glutamate analogues were also used in the study of myopia and eye growth. N-
methl-D-aspartate OSfMDA), kainic acid (KA), and quisqualic acid (QUIS) which acts 
three different types of glutamate receptors were used. 
Fischer et al (1997; 1998) gave a single toxic dose of N-methyl-D-aspartate 
O^JMDA) (20-2000 nmol) to the vitreous chamber of the normal chick eye and the 
occluded eyes. They found NMDA treated eyes became myopic within 7 days of 
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treatment and remained myopic until at least 35 days after treatment. During this time the 
occluded eyes continued to growth but could not be induced to become more myopic. 
Retinal amacrine cells were destroyed and permanently lost. In addition, high doses of 
NMDA caused the significant thinning of both the inner plexiform and inner nuclear 
layers. 
Wildsoet et al. (1988) and Lauber et aL (1990) Ehrich et al (1990) reported 
intravitreal injection of another glutamate analogue, kainic acid (KA, 2-200 nmol) to the 
normal eyes. They found that kainic acid modified retinal function and caused eye 
enlargement. A 6 nmol dose ofkiainic acid significantly reduced the number of amacrine 
cells, while high doses of kainic acid also affected bipolar and horizontal cell number. 
The KA-treated eyes developed moderately enlarged globes but did not show any 
appreciable change in size of the anterior region. Eyes became heavier, with an increase 
in equatorial length compared with normal controls. Neither axial length nor vitreous 
chamber depth was changed by KA treatment. The depth of the anterior chamber and 
corneal diameter were similar to control eyes. Following occlusion, KA-treat eyes 
increased in axial length while other parameters were similar to those obtained with KA 
treatment alone. This increase in axial length was predominately due to increase in 
vitreous chamber depth. However, this increase was significantly less than that observed 
in the occluded eyes. KA blocked the anterior chamber response to occlusion by 
preventing the increase of the anterior chamber depth and comeal diameter. 
Five to two hundred nmol quisqualic acid (QUIS) was used to study on occluded 
and non-occluded eyes (Ehrlich et aL, 1990; Fischer et al, 1998). Treatment with QUIS 
caused pronounced comeal bulging, the comeal diameter and the anterior depth 
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increased. No change was found in eye weight, equatorial length, axial length, and 
vitreous chamber depth or globe shape compared with normal control. On the other hand, 
QUIS-treated eyes responded to occlusion by significant increases in weight, equatorial 
length, axial length and vitreous chamber depth compared with QUIS treatment alone. 
The shape of the QUIS occluded eyes differed significantly from that of eyes treated with 
QUIS alone and was similar to that of occluded eyes. 
In general, NMDA affects mainly amacrine cells (Olney et al., 1971; Gibson et 
al., 1985), KA was preferentially toxic to bipolar cells and amacrine cells (Ingham et aL, 
1983; Sattayasai et aL, 1985), whereas QUIS may have a presynaptic action in 
glutamatergic photoreceptors (Sattayasai et al.’ 1987). These three glutamate analogues 
had little effect on myopic eye growth. 
Glutamate is an endogenous amino acids. Intravitreal injection in the rats and 
mice had been studied (Lucas et aL, 1957; Olney, 1969; Potts et aL, 1960; Cohen, 1967; 
Freedman et al., 1962; Karlsen et al., 1976; Sisk, 1984a; Sisk et al., 1985). There is good 
evidence that in the retina, glutamate is the major excitatory transmitter in the plexiform 
layers. The photoreceptors are believed to release glutamate in the dark, but to decrease 
the release during light simulation (Copenhagen, 1987; Morgan, 1987). Glutamate 
receptor located in the retinal ganglion cell layer (RGCL), in the inner third of the inner 
nuclear layer (INL), where the amacrine cells was located, and in the middle and outer 
part of the INL, where bipolar and horizontal cells resided (Miiller et al., 1992). 
. Lucas and Newhouse (1957) found that when a solution of monosodium L-
glutamate (SMG) was injected subcutaneously (2.5-5.4 mg/g body wt/day) into young 
mice prior to eye opening (aged 2-16 days), severe retinal degeneration occurred. The 
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damage involved elements of the inner retina, with amacrine and ganglion cells the most 
severely affected. By 2 weeks postinjection, virtually no cells were observed in the inner 
retina. The nature of the retinal response to glutamate had been characterized as one 
initially of massive intracellular edema, occurring as early as 30 min after treatment and 
involving ganglion, bipolar, and amacrine cells (Olney, 1969). By 7 h after injection, 
there could be as much as a 40 % - 60 % increase in inner retinal thickness, with cellular 
necrosis beginning. Sisk et al (1985) intravitreally injected with glutamate in adult 
Spraque-Dawly rat eyes. They found adult rat retina experienced severe degenerative 
change which progressed in two stages: an initial stage of massive intracellular swelling 
and a second stage of necrosis and cell loss. Degeneration involved ganglion and inner 
nuclear layer cells. Inner ratina thickness decreased concurrently. By 2 months 
postinjection, degenerative changes in rod spherules and some loss of photoreceptor 
nuclei were observed. These histologic characteristics were different with those of 
subcutaneous injection. 
The effects of glutamate were found to be more widespread than the actions of 
any one of the analogs (Reif-Lehrer, et al., 1975; Casper, 1982). However, glutamate had 




The hypothesis of this study is that eye growth is affected by visual input which in 
tum influences local and central mechanisms. 
The goals of this study were to: 
(1) reproduce the form deprivation model of myopia in chicks; 
(2) examine eye growth in the normal, the open and the contralateral occluded 
eyes of chicks; 
(3) examine the retinal changes in both the open and occluded eyes of chicks; 
(4) test the effect on eye growth by experimental procedures which affect various 
retinal neurons by intravitreal injection of iodoacetic acid (IAA), glutamate, 
5,7-dihydroxytryptamine (5,7-DHT) and manipulation of environmental 
lighting conditions. 
The basic feature ofhuman myopia is enlargement of the eyeball with lengthening 
of the posterior segment. With progressive elongation of the globe, degeneration of the 
retina followed. Form deprivation, most commonly created by the introduction of 
diffusers or lid suture, has been used to induce myopia, most commonly in the chicks, 
tree shrews and monkeys (Sherman et al., 1977; Wiesel and Raviola, 1977; Wallman et 
i. 
al., 1978; Yinon, 1980). Although species differ in relation to their susceptibility as a 
function of age, axial myopia is the inevitable result. Specifically, myopia occurs through 
ocular elongation, with the changes being restricted largely to the posterior wall of the 
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eye (Hodos and Kuenzel, 1984; Raviola and Wiesel, 1985; Marsh-Tootle and Norton, 
1989). The young domestic chick is eminently suitable for studies of experimentally 
induced eye growth, since ocular changes are rapid, being measurebale in a matter of 
days or weeks. Hence, we reproduced the chick myopic model by form deprivation to 
examine the mechanisms involved in regulating eye growth. 
Since most studies focus on comparing the occluded and their fellow open eyes, 
little is known about the relationship among the normal, the open and the occluded eyes. 
Therefore, in our study, we examined the pattem of eye growth in the normal, occluded 
and their fellow open eyes, and the retinal changes by detail detail histopathologic and 
morphometric studies. 
To examine the retinal pathway, we employed pharmacological agents including 
IAA, which produced severe retinal neuronal degeneration; glutamate and 5,7-DHT, 
which affect glutamatergic and serotonergic neurons respectively. 
Since the visual environment could influence ocular growth, we also examined 
the effect of lighting conditions on the effect of eye growth. 
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CHAPTER 5 
MATERIALS AND METHODS 
5.1. Animals and Induction ofForm Deprivation Myopia 
White Leghom chicks, hatched from eggs from the Specific Pathogen Free Avian 
Co (Jinan, Shantong, China) were used throughout the experiments. The temperature of 
incubator (Lyon, Electric Co., Inc. Chula Vista, CA, USA) was 99 °F; humidity was 85-
87%. The room temperature was 70 °F. A previously described method by Wallman and 
Ledoux (1978) using translucent eye occluders was used to induce from deprivation 
myopia. The white translucent eye occluders were made in house using a procedure 
recommended by Wallman and Ledoux (1978). Briefly, a cylindrical mold was placed in 
a beaker filled with boiling water. A piece of square translucent vinyl plastic was held 
with a hemostat over the mold, The ball end of the stamper was positioned to rest on the 
vinyl plastic over the hole in the cylinder. The stamping device was pressed with the 
palm of a hand to form a translucent hemispherical occluder. Once removed from the hot 
water, excess vinyl was trimmed to leave a narrow rim. 
To induce form deprivation myopia, at one day after hatching, the right eye of a 
chick was covered with a white translucent plastic hemispherical occluder glued with 
Aron Alpha glue (Toagosei Co., Ltd., Hong Kong) around the eyes. All chicks were 
reared in transparent cages with wired covers under fluorescent lights (5 foot-candles; 
53.8 lux) on a cycle of 12 hours light, 12 hours dark and in clear cages with food and 
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water ad libitum. All procedures involving animals were performed according to the 
guidelines established in Association for Research in Vision and Ophthalmology 
Resolution for the use of animals in research study. 
At lday, 1，2，4, 6, 8, 10，or 12 weeks after hatching, groups of chicks were killed 
by CO2. A total o f l 7 2 chicks were used for this study. 
5.2. Eye Growth and Myopic Study 
Ninety-four chicks were divided into two groups: chicks (n=76) with one eye 
occluded (occluded-open) and chicks (n=18) with no eye occluded (open-open). 
5.2.1. Refractive measurements 
Refraction was determined using a streak retinoscope and trial lenses in a 
darkened room. The chicks were unanaesthetized and non-cycloplegia during this 
procedure. The spherical equivalent refractive error and half astigmatism were corrected. 
5.2.2. Ultrasonographic measurements of eye size in vivo 
Prior to killing of the chicks, A-scan ultrasonograms (Humphrey Instruments, 
Inc., San Leandro, California, USA) were taken through the eyelid after topical 
anesthesia of eyes with 0.5 % alcaine (proparacaine hydrochloride 0.5 %, benzalkonium 
chloride 0.01 %, Alcon-Couvreur, Puurs, Belgium). Depth of anterior chamber and 
vitreous chamber, lens thickness, and axial length of the eyes were measured from the A-
scan as illustrated. 
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5.2.3. Measurements with calipers on enucleated eyes 
After the chicks were killed by CO2, the eyes were enucleated immediately. Most 
of the attached connective tissues and muscles were trimmed and the axial, horizontal, 
and vertical lengths were recorded with a vemier caliper. 
5.2.4. Weight of the eye globes 
After measuring the length, the weights of the eyes were recorded. 
5.3. Retinal Changes 
5.3.1. Light microscopy 
The enucleated eyes of the chicks were bisected vertically, and fixed with 4 % 
paraformaldehyde fixative solution for 24 hours. Tissue samples were processed with an 
automatic tissue processor (Citadel 1000, Citadel Tissue Processor, Shandon; Runcom, 
Cheshire, England) using the following program: 60 % and 80 % ethanol for 1 hour each, 
95 % ethanol for 3 hour, two changes of 95 % ethanol for 1 hour each, three changes of 
100 % for 1 hour each, three changes of xylene for 1 hour each, paraffin at normal 
pressure for 2 hours, and then under vacuum for another 45 minutes. The total processing 
time was 15 hours and 45 minutes. 
The tissue samples were embedded in paraffin for vertical meridian sectioning. 
Four-micron paraffin sections were cut with a Rotary Microtome (2035 Biocut, Leica 
AG; Nussloch, Germany) and collected on a glass slide. The sections were stained by 
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Hematoxylin and Eosin staining method (H & E staining) and mounted in Permount 
Mounting Medium (Toluene Solution, SP15-500, Permount, Fisher Scientific; Fair Lawn, 
New Jersey, USA) for histopathologic examination under light microscopy. 
5.3.2. Calretinin immuno-reactivity study of the myopic retina 
The paraffin embedded retinal sections were deparefflnized and rehydrated. 
Endogenous peroxidase was blocked by incubation with 3 % hydrogen peroxide (H2O2) 
for 5 minutes at room temperature. The section were blocked with 0.3 % Triton X-100 / 3 
% normal serum from secondary antibody donor in a humidified chamber at room 
temperature for 1 hour, then incubated with anti-Calretinin (1:50) rabbit polyclonal 
antibodies (Zymed, San Francisco, CA, USA) in 0.3 % Triton X-100 / 1 % normal serum 
in 0.01 M PBS in a humidified chamber at 4 °C overnight After stopping the reaction 
with 0.01 M PBS, the sections were incubated with ABC complex (DAKO, Carpinteria, 
CA, USA) at room temperature for 1 hour. Positive staining was developed with 0.05 % 
filtered DAB in 0.05 M Tris buffer, pH 7.6, containing 0.01 % H2O2 and was monitored 
under a light microscope. The sections were then dehydrated by 70 %, 95 %, 100 % 
ethanol and xylene, and mounted with Permount Mounting Medium. 
Morphometry of cells were performed with paraffin sections of chicks retina 
under light microscopy with 400X magnification and an eye piece reticule. 
Each retina was divided into the peripheral and posterior regions. The peripheral 
region was 25 defined as the area that was 2.25 mm from the ora serrata. Two adjacent 
fields of 0.5 mm each from the superior and inferior peripheral retina were sampled. The 
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posterior region was designated as the area that was 1.25 mm from the edge of the optic 
disc. A total of 0.25 mm was sampled that was superior and inferior from optic nerve 
region. Four different animals from each group were included at each time point. All 
measurements were expressed as mean 土 standard error (SE). Statistical differences for 
different groups were analyzed by Two Way ANOVA and Tukey's test. 
The calretinin positive cells in the inner part of the inner nuclear layer (INL) and 
in the outer part of the inner nuclear layer (ESfL) were counted respectively. 
5.4. Detection of Apoptotic Cell Death 
5.4.1. Terminal DeoxynucIeotidyl Transferase-mediated dUTP-biotin Nick End 
Labelling (TUNEL) 
Apop-Tag In Situ Apoptosis Detection Kit from Oncor (Oncor, Inc.; 
Gaithersburg, MD, USA) and the manufacturer's protocol were used for TUNEL in the 
paraffin embedded retinas. Briefly, the paraffin embedded retinal sections were 
depareffinized and re-hydrated. Endogenous peroxidase was blocked by incubation with 
2 % hydrogen peroxide (H2O2) for 15 minutes at room temperature. The sections were 
incubated with terminal deoxynucleotidyl transferase (TdT) in reaction buffer in a 
humidified chamber for 1 hour at 37°C. The reaction was terminated by pre-warmed 
Stop/Wash buffer for 30 minutes at 37T. After stopping the reaction, the sections were 
incubated with anti-digoxigenin peroxidase at room temperature for 30 minutes. Positive 
staining was developed with 0.05 % filtered diaminobenzidine tetrahydrochloride (DAB) 
(Sigma Chemicals, St. Louis, MO, USA) in 0.05 M Tris buffer, pH 7.2, containing 0.01 
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% H2O2. The degree of color development was monitored under a light microscope and 
the reaction was stopped by rinsing with distilled H2O. The sections were then 
dehydrated by 75 %, 95 % � 1 0 0 % ethanol and xylene, and mounted with Permount 
Mounting Medium. The dystrophic retinas of pink-eye Royal College Surgeon rats 
(RCS; rdy-p) were used for positive control (Tso et al., 1994). Adjacent paraffin sections 
of the retinas of RCS rats, processed similarly except omitting the TdT enzyme, were 
used as negative control. 
5.5. Effect of Retinal Toxins on Myopic Eyes 
Two-week chicks with translucent occluders from day 1 on the right eyes were 
intravitreally injected with iodoacetic acid (IAA), glutamate, or 5,7-dihydroxytryptamine 
(5,7-DHT) using saline as vehicle in the occluded eye, or the open eye, or both eyes. 
Control eyes had no injection. Before and at 2 weeks after injection, A-scan 
ultrasonograms were taken. All birds were killed by CO2 at two weeks after the injection. 
The eyes were enucleated, measured with calipers and weighed as described previously, 
and prepared for histopathological studies. 
5.5.1. Intravitreai injection of iodoacetic acid (IAA) 
Twenty-six white Leghom chicks were hatched and their right eyes were 
occluded from day 1 as previously described. They were divided into three groups: 
injection in the occluded eyes (n=6), or the open eyes (n=6), or both eyes (n=6). Control 
eyes had non-injection (n=8). Intravitreal injections were given with 1 ml disposable 
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syringe with 26-gauge needle via the pars plana temporally after topical anesthesia of the 
eyes with 0.5% alcaine Q)roparacaine hydrochloride 0.5%, benzalkonium chloride 0.01%, 
Alcon-Couvreur, Puurs, Belgium). Neutralized iodoacetic acid (Sigma Chemical Co.; 
Louis, MO, USA) was given with 0.1 mg in 50 ^L sterile saline per eye. Injections were 
made into the vitreous chamber slowly and the needle was held in position for 2 minutes 
before it was taken out slowly to avoid leakage. Maxitrol ointment (neomycin sulfate 
equivalent to neomycin base 3.5 mg/g, polymyxin B sulfate 6,000 units/g, 
dexamethasone 0.1%, Alcon-Couvreur; Puurs, Belgium) was applied prophylactically. 
For those occluded eyes, the occluders were replaced after injection and kept on the right 
eye until euthanusia. All animals were kept in a 12-hour-light and 12-dark-hour room 
until euthanasia with CO2 at 2 weeks after injection. 
5.5.2. Intravitreal injection of glutamate 
Sixteen white Leghom chicks were hatched and their right eyes were occluded 
from day 1 as described. They were divided into three groups: injection of glutamate in 
occluded eyes (n=4), open eyes (n=4), or both eyes (n=8). Injection was given as 
described in the preceding section. The amount of neutralized glutamic acid (Sigma 
Chemical Co.; Louis, MO, USA) was 50 i^L of 40 mM in sterile saline per eye. 
5.5.3. 5,7-dihydroxytryptamine (5,7-DHT) 
‘ Sixteen white Leghorn chicks were hatched and their right eyes were occluded 
from day 1 as described. They were divided into three groups: injection of 5,7-DHT in 
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the occluded eyes (n=4), open eyes (n=4), or both eyes (n=8). The amount of DHT 
(Sigma Chemical Co.; Louis, MO, USA) was 50 i^L of 12.5 mM in sterile saline per eye. 
6.6. Effect of Lighting on Myopic Eyes 
Twenty-six white Leghom chicks were used in this study. At 1 week of age they 
were divided into control (n=8), dark (n=6), constant green light (n=6) and constant white 
fluorescent light (n=6) groups. In each group, 4 chicks were occluded in the right eyes. 
The control group was maintained under a 12hr light/12hr dark cycle as mention before. 
The dark group was maintained under the continuous dark environment. The constant 
light groups were divided two groups. One was exposed to continuous green-filtered 
fluorescent light in a Plexiglass chamber (Plexiglass No. 2902 filter, Polycast Technology 
Corp, Stamford, CT, USA) surrounded by seven circular fluorescent tubes. The chamber 
transmitted green light between 490-580 nm and the light intensity was adjusted to 300-
320 foot-candles (3228-3443.2 lux). During the light exposure，the temperature and 
relative humidity were maintained at 24 -26 °C and 60% with constant airflow in and 
around the chamber. The another constant light group was in the same condition except 
the animals maintain in the transparent tubes. The light intensity was adjusted to 1100-
1200 foot-candles (12100-13800 Lux). Food and water were provided ad libitum. After 1 
week observation, all animals of 2-week-age were euthanasia with CO2 and the eyes were 
‘ enucleated immediately. Most of the attached connective tissues and muscles were 
trimmed away and the axial length, horizontal length, and vertical length were recorded 




6.1. Refractive States 
Figure 1 showed the refractive states of the occluded and the fellow open eyes 
from 4 to 10 weeks after occlusion. The occluded eyes were always myopic and had 
statistically significant different refractive error than their fellow open eyes (P < 0.05, 
Two way ANOVA and Tukey's test). In addition, there was a gradual and significant 
increase in the myopic states of the occluded eyes from 4 to 8 weeks (P < 0.05，Two way 
ANOVA and Tukey's test) but not between 8 and 10 weeks. Their fellow open eyes 
showed a decrease in hyperopia but there was only statistical difference between 4 and 6 
weeks. At 4 weeks of occlusion, the eyes became highly myopic (-7.5 士 0.22 D), versus 
their hyperopic fellow open eyes (+1.25 士 0.10 D). At 10 weeks of occlusion, the 
occluded eye was -11.25 士 0.10 D, versus +0.125 士 0.08 D for the fellow open eyes. 
6.2. Eye Size Measurements 
6.2.1. Ultrasonographic measurements in vivo 
Table 1 showed the depth of the anterior chamber, the thickness of the lens, the 
depth of vitreous chamber and the axial length of the eye globes obtained from 
ultrasonographs of the open and the occluded eyes at 2 to 8 weeks ofocclusion. The same 
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data were expressed in Figure 2 in a graphic format. Ultrasonographic measurements 
revealed that the size of the occluded and their fellow open eyes increased from 2 to 8 
weeks of ages as the chick grew. In all four measurements except the lens thickness, the 
changes ofthe eye size were biggest between 2 and 4 weeks. In both the occluded and the 
open eyes, the anterior chamber depth showed the highest percentage of growth within 
the observation period, with the axial length as next, while the lens thickness showed the 
least change. With exception of the lens thickness measurements, the anterior chamber 
depth, the vitreous chamber depth and the axial length of the occluded eyes were always 
larger than those offellow open eyes (P < 0.05, Two way ANAVO and Tukey's test). 
Figure 2 illustrated the growth patterns of the anterior chamber depth, the lens 
thickness, and the vitreous chamber depth of the occluded and their fellow open eyes. 
There was a steady growth in the anterior depth in the open eye while the occluded eye 
showed an initial rapid growth followed by a slower steady growth. Both the occluded 
and the open eyes showed almost identical growth in lens thickness while a parallel 
growth pattem in the vitreous chamber depth showing faster growth early on and a slower 
but steady growth later was noted. The open eyes showed no growth in axial length 
between 2 and 4 weeks followed by a steady growth while the occluded eyes showed a 
fast growth initially with a slower growth later. However, there were different patterns of 
growth between the occluded and their fellow open eyes in the axial length. The occluded 
eyes showed a steady growth from 2 week onward. 
6.2.2. Caliper measurements of the chick eyes ex vivo 
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Table 2 summarized the axial length, the horizontal length and the vertical length 
of the three groups of enucleated eyes at various ages measured by a caliper. As 
expected, all three measurements showed gradual increases over the observation period 
as the chicks grew. Of the three parameters, the axial length showed the biggest increase 
from 1 day to 10 weeks (70% for the normal, 80% for the open, 100% for the occluded). 
Both the horizontal length and the vertical length exhibited similar changes showing 50% 
for the normal and the open eye, and 60% for the occluded eyes. Two ways ANOVA and 
Tukey's test showed significant differences between the normal and the occluded eyes, 
and the open fellow eyes and the occluded eyes in all three parameters. Hence, the 
occluded eyes were always larger than the open and the normal eyes as measured by 
axial, horizontal and vertical lengths with the open eyes and the normal eyes showing 
similar measurements. 
Figures 3，4, 5 showed the graphic representation of the same data in the Table 3. 
There were biphasic growth patterns in all three measurements: the axial length, the 
horizontal length and the vertical length in all three groups of eyes: an initial faster 
growth phase, followed by a slower growth phase. However, the rates of growth and the 
transition points between the two phases varied among the groups as well as among the 
three measurements of growth. Table 3 summarized the different rates of growth, 
transition points and coefficient of correlation after linear regression of the date. Except 
the growth of axial length in the open and occluded eyes, all other groups (the axial 
length in the normal, the horizontal and vertical length growth in all three groups of 
eyes), showed a faster rate before 6 weeks and a slower rate thereafter. In addition, during 
the initial faster growth phase, the normal eyes showed similar rates of growth as the 
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open eyes, while the occluded eyes showed a faster initial rate than the normal and open 
eyes; but their second slower rates had only 1/5 to 1/6 of the corresponding first phase 
rates while the open and the occluded eyes had approximately halfoftheir corresponding 
rates offirst phase. Hence, the extra length in all occluded eyes arose from a faster rate of 
growth from both the initial and the second phases. 
Table 4 is a comparison of the values of axial length as measured by the 
ultrasound and a caliper. The caliper readings always gave a higher value (except the 
occluded eyes at 2 weeks) than the corresponding ones by ultrasound. In addition, 
unexpectedly, the caliper measurements always gave higher standard deviations. 
6.3. Weight ofEye Globes 
Figure 6 showed the weights of the eye globes. The weight gradually increased in 
all three groups, but the weight of the occluded eyes was significantly more than the 
normal or the fellow open eyes (P < 0.05, Two way ANAVO and Tukey's test). There 
was no significant difference between the normal and fellow open eyes. In addition, 
during the observation period, the fastest increase of the occluded eyes was between 2 to 
4 weeks. 
6.4. Retinal Changes 
I 
6.4.1. Morphological features 
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Figure 7 showed morphologic features of the normal, the open and the occluded 
eyes in 2，4，and 8 weeks. The thickness of the retinas showed gradual and noticeable 
reduction both the outer nuclear layer (ONL) and the inner nuclear layer (INL) from 2 to 
12 weeks in both the peripheral and posterior retinal areas in all three groups of eyes. 
However, the reduction of thickness was more obvious in the inner nuclear layer (INL) of 
occluded eyes especially in the peripheral retina. 
6.4.2. Morphometry of calretinin immuno-positive cells 
Figures 8, 9 showed immunolabeling of calretinin in the peripheral and posterior 
retinas in 2 and 8 weeks of the normal, the open and the occluded eyes. According to the 
location and appearance, calretinin reactive cells were either horizontal cells or amacrine 
cells. In the peripheral areas, amacrine cell numbers per 0.0625 n W were decreased 
between 2 to 8 weeks in the occluded and the open eyes, while amacrine cells per 0.0625 
mm^ remained similar in the normal eyes (Table 5, Figure 8). In the posterior area, the 
amacrine cell numbers in the occluded eyes also decreased, while the amacrine cells in 
the open and the normal eyes were similar (Table 5, Figure 9). 
The number of the horizontal cell per 0.0625 mm^ in the peripheral area were 
similar in the normal eyes, while those cells in the open eyes and the occluded eyes 
decreased but showed no statistically different. 
6.5. Effect of Retinal Toxins on Myopic Eyes 
6.5.1. Intravitreal administration of iodoacetic acid (IAA) 
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6.5.1.1. Eye growth measurements 
IAA injection directly retarded the growth of the injected eyes, either the 
occluded or the open eyes. It also retarded the growth of the occluded eyes when their 
fellow open eyes were injected, but not vice versa (Figure 10). At two weeks after 
injection, there was no difference between the occluded and the open eyes when IAA was 
administered to both eyes. The axial lengths of the IAA injected eyes (open or occluded) 
were significantly shorter than those of the corresponding non-injected occluded or non-
occluded eyes (P < 0.05, Two way ANAVO and Tukey's test). When open eyes were 
injected with IAA, the axial lengths of the fellow occluded eye were shorter than the axial 
length of occluded eye when their contralateral eyes were not injected with IAA. 
Horizontal and vertical length showed similar trends but no statistical significance was 
observed. The weight of injected of lAA eyes was lighter than the non-injection eyes, but 
injection oflAA did not affect the fellow eyes. 
6.5.1.3. Retinal histological features 
Day one after intravitreal injection of iodoacetic acid (IAA) to the eyes (Figure 11 
B), the anterior segment including comea, anterior chamber angle, iris, and lens were 
unremarkable with the exception of the filtration of a few macrophages and mononuclear 
cells into the anterior chamber angle. The ciliary processes and the ora serrata were 
intact. Folds in the retina appeared to develop. The inner layers, of the retina were 
necrotic with dissolution ofthe retina ganglion cells (RGCs). The nerve fiber layer QSfFL) 
and the inner plexiform layer (IPL) were lysed. The inner limiting membrane (ILM) was 
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detached and partially liquefied. The cells in the inner nuclear layer (INL) also showed 
extensive necrosis with some remains of their nuclear profile. The outer nuclear layer 
(ONL) was thin with loss of photoreceptor elements. The retinal pigment epithelium 
(RPE) also showed necrosis with dispersed melanent granules in the subretinal space. 
Scattered foci of mononuclear infiltration were noted in the choroid. The scleral collagen 
and cartilage were unremarkable. 
Day two and three after injection of IAA (Figure 11 C and D ) � the retina showed 
more folding. The inner plexiform layer (IPL) became thicker. The inner nuclear layer 
(nSfL) also showed more extensive liquefaction necrosis. The outer nuclear layer (ONL) 
was markedly thin with loss of photoreceptor elements. 
Day seven after intravitreal injection of IAA (Figure 11 E), the retina showed 
severe liquefaction necrosis with loss of retinal architecture. Mild gliostic reaction could 
be seen. Melanent granules were scattered in the retina. 
Day fourteen after injection of IAA (Figure 11 F), the sensory retina was largely 
disappeared and the remaining glial cells were intermingled with the reactive proliferated 
necrosis retinal pigment epithelial cells (RPE)(Figure 11). 
In summary, intravitreal injection of IAA (100^g/50^il) caused acute liquefaction 
in the retina. The retina degenerated at one day after injection and eventually showed 
total loss of retinal architecture, with gliotic reactive proliferation. 
6.5.2. Intravitreal injection of gIutamate 
6.5.2.1. Eye growth measurements 
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Intravitreal injections ofglutamate reduced the growth in the occluded eyes when 
given to either the occluded or the fellow open eyes (Figure 12). However, there was no 
significant difference in the growth ofthe open eyes when glutamate gave to either these 
open eyes or their fellow occluded eyes. 
6.5.2.2. Retinal histological features 
Between 1 and 14 days after intravitreal injection of glutamate in the eyes, the 
anterior segments including comea, iris, anterior chamber angle and lens were 
unremarkable change. One day after injection of glutamate (Figure 13 B), swelling cell in 
the retinal ganglion cell layer (RGCL) was observed in the chicken retinas. In the outer 
part ofthe inner nuclear layer (肌）condensation of nuclei were seen. The outer nuclear 
layer (ONL) showed no changes compared with normal chicken retina. 
Three days after injection of glutamate (Figure 14 C), the retinal ganglion cells 
(RGCs) decreased in number and some nuclei were densified. Swelling retinal ganglion 
cells (RGCs) still could be found. The nuclei in the inner nuclear layer (FNL) became 
densified and decreased in number. The outer nuclear layer (ONL) maintained normal. 
Fourteen days after injection of glutamate (Figure 13 D), swelling and densified 
ofthe retinal ganglion cells (RGCs) disappeared but their number decreased. In the inner 
nuclear layer (E^JL) the shrunken cells and densified nuclei disappear. The number of 
cells further decreased. The remaining cells in the inner nuclear layer {INL) appeared 
unremarkable. 
In the TUNEL labeling, the TUNEL positive nuclei were seen in the outer part of 
inner nuclear layer (Rs[L) (Figure 14 C) at 2 days and 3 days after injection. The TUNEL 
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positive nuclear could not be seen in normal retina and 1 day, 14 days after injection 
(Figure A，B, D). 
6.5.3. Intravitreal injection of 5,7-DHT 
6.5.3.1.. Eye growth measurement 
Similar to injection of glutamate, intravitreal injection ofDHT reduced the growth 
of the occluded eyes when given to either the occluded or their fellow open eyes. 
However, the growth of the open eyes showed no statistical difference when DHT was 
injected to these open eyes or their fellow occluded eyes (Figure 15). 
6.5.3.2. Retinal histological features 
At day lto day 14 after intravitreal injection of DHT, the retina, choroid, and 
sclera remained unremarkable. Day two after injection of DHT, there were shrunken and 
densified nuclei in the retinal ganglion cell layer (RGCL) and the inner nuclear layer 
(INL). Fourteen days after injection of DHT, densified retinal ganglion cells (RGCs) 
were not seen but severe decreased in number compared with day two after injection. In 
the inner nuclear layer (INL), most of the shrunken and densified nuclei disappeared. 
Remaining cells in the inner nuclear layer (INL) appeared intact (Figure 17C). 
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In the TUNEL labeling study, the TUNEL positive nuclei scattered in the outer 
part of inner nuclear layer (INL) (Figure 18 C) at day 2 and day 3 after injection. The 
TUNEL positive nuclear could not be seen in the normal retina and 1 day, 14 days after 
injection (Figure 18 A, B, D). 
6.6. Effect of Environmental Lighting on Myopic Eyes 
6.6.1. Eye growth measurements 
The occluded eyes were significantly larger than the normal and the open eyes in 
axial, horizontal, and vertical lengths. There was no difference between the normal and 
the open eyes in these measurements (Figure 18). 
In constant darkness, there was no difference in the axial, horizontal and vertical 
length among the normal, the open and the occluded eyes (Figure 18). 
Under constant light, the occluded eyes was significant larger than normal and 
fellow open eyes; but they were no different from those of the normal lightAlark cycles. 
There was also no statistical difference between green light and white fluorescence light. 
6.6.2. Retinal histological features 
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At 7 days after different light conditions，there were no difference in the retina, 
choroid, and sclera among chicks reared in light/dark cycles, constant darkness, or 




In this study, we reproduced a chick model of form deprivation myopia by placing 
translucent plastic occluders on the chick eyes. Myopic changes in the occluded eyes 
were documented in vivo by A-scan ultrasonographic measurements and ex vivo caliper 
measurements of eye sizes，and the weight of the enucleated eye globe. Compared to 
normal eyes, these occluded eyes developed minus diopter states, deeper anterior 
chambers and vitreous chambers, longer axial length, horizontal length, and vertical 
length, and heavier weight of the eye globes. The minus diopter states and longer axial 
length had been report in the literature. However, we further observed a biphasic rate of 
change in diopters and elongation of eye size. Detail analysis of the growth pattern 
suggested a biphasic growth pattem in the axial, the horizontal and vertical lengths 
showing an early fast phase and a later slow phase. These rates of growth were different 
among the normal, the open and the occluded eyes. In addition, the transition from the 
initial fast phase to the later slow phase is also different among the three groups. The 
different rates of growth on the occluded eyes corresponded to the rates of changes in 
diopter states. These observations were not noted previously. 
We also examined the retinal changes associated with these normal and myopic 
eyes by morphology and morphometry of retinal cells in different layers of the retina. 
The thickness of the retinas showed gradual and noticeable reduction in both the outer 
and the inner nuclear layers from 2 to 12 weeks in both the retinal peripheral and 
posterior areas in all three groups of eyes. Retina cell count showed the same trend. 
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We studied the effects of different retinal toxins on eye growth. Severe retinal 
degeneration induced by intravitreal administration iodoacetic acid (IAA) could directly 
affect the growth of the open and the occluded eyes, indirectly affect the growth of the 
occluded eyes which their open eyes were injected. The retinas of IAA injected eyes 
showed severe degeneration with extensive loss of retinal architecture and gliosis. Few 
necrotic neuronal cells remained but the contralateral retinas were unaffected. 
After intravitreal administration of glutamate, we found difference in eye growth 
between occluded and open eyes. Whether glutamate was injected into occluded eyes or 
open eyes, the rate of eye growth in occluded eyes was reduced. But there was no 
difference between glutamate injected occluded eyes and glutamate non-injected 
occluded eyes when opposite open eyes were injected. The rate of eye growth in open 
eyes was unaffected by injection of glutamate. 
The same result was found in intravitreal administration of 5,7-DHT. Intravitreal 
administration of 5,7-DHT did not affect the growth of open eyes, but affected the 
occluded eyes. I f 5,7-DHT was injected into the occluded or the opposite open eye, the 
axial length was reduced in the occluded eye. 
We alternated the environmental lighting conditions for rearing the chicks to 
ascertain the effects of light on eye growth. We put the chicks in constant darkness, in 
constant green light, or constant white fluorescent light condition compared to the normal 
light/ dark cycle. We found that in constant darkness, the rate of eye growth in occluded 
eyes was the same as for open eyes. But in constant light condition, the eye growth of the 
occluded eyes was faster than that of fellow open eyes. There was had no difference in 
eye growth between constant green light group and fluorescent light group. 
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7.1. Refractive States 
In chicks, the refractive error changed faster from 4 to 8 weeks, followed by a 
slower rate. Wallman (1987) and Gottlieb et aL (1987) found that the peak of refractive 
error was between 2 and 4 weeks of age. Unfortunately, under our experimental protocol 
we did not examine the refractive states of chicks of 2 weeks of age. But our observation 
was the same as Sivak et aL (1989) and Pickett-Seltner et aL (1987). Different studies 
using White Leghom chicks reported varying degrees of myopia produced by similar 
visual deprivation techniques. One possibility was the influence of different strains of 
white Leghoms. Troilo et a/.(1995) studied the difference in eye growth and response to 
visual deprivation in different strains of White Leghom. They found that the pure K 
strain, developed less elongation of vitreous chamber and lower levels of induced myopia 
compared to H/N strain, which was a hybrid stain. The chicks in our study were hatched 
in our lab, and the eggs were from the same company. Wallman did not mention 
specifically the strain of his Leghom chicks and our result was comparable to that the K 
strain ofTroilo and that Sivak. 
In our study, the refractive states of the open eyes showed a decrease in 
hyperopia. This trend was similar to human, whose normal ocular development generally 
proceeded from an initial hyperopic states (Gwiazda et aL, 1993; Banks, 1980; Howland 
etal., 1993). ‘ 
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7.2. Change in Eye Size 
7.2.1. The rate of growth 
We noted that there were two phases in the rate of eye growth in the chick model: 
(1) an early faster phase, and (2) a later slower phase. This is the same as human eye 
growth. During infancy, the axial length increases rapidly, moving the refractive state of 
the eye towards emmetropia. During the later years of life, the axial length increases 
more slowly. The early faster phase is important for eye growth, and the change of any 
environmental conditions may change the rate of eye growth. Similarly, Wallman et al. 
(1987) found the susceptibility to myopia and eye growth was maximal early in life and 
declined thereafter. 
The rate of eye growth was different between normal eyes, open eyes and 
occluded eyes. In the normal eyes, the faster phase was from day 1 to day 42. However in 
the open and the occluded eyes, the faster phase was from day 1 to day 28. Thus, eye 
growth was faster and of shorter duration i f input vision was blurred. These observations 
were comparable to those of Greene (Greene and Guyton, 1986). They observed lid-
suture myopia in rhesus monkey. On the average, the axial length developed over a 
constant 0.40 year for lid-suture myopia, compared with 0.42 year for the normal eye. In 
the human eyes, some researchers (Goss et al., 1990) noted that the ages of cessation of 
axial elongation in myopia were similar to the ages of cessation of increases in height. 
But we did not find any relationship between axial length and body weight chicks. 
The eyes enlarged too quickly compared to orbital bone development. Wilson et 
al. (1997) observed a relationship between skull and eye growth, and found that there 
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were histological changes in the orbital bones when the eye grew faster than normal. The 
occluded eyes might affect the fellow open eye through a central control mechanism. 
The rate of eye growth of the occluded eyes was faster than the fellow open eye or 
the normal eye because the local blurred visual input. Thus eye growth was 
predominantly control by intraocular mechanism. On the other hand, the time period of 
the change in the fellow open eyes from initial faster phase to the later slower phase was 
different than that of normal eyes. The fellow occluded eyes may influence the open eyes 
through central mechanisms 
7.2.2. Ultrasonographic measurements 
The anterior chamber depth, the lens thickness, the vitreous chamber depth and 
the axial length measurements with ultrasonographic measurements showed gradually 
increase in occluded eyes and their fellow open eyes except lens thickness. The anterior 
chamber depth showed the highest percentage of growth, with the axial length next. The 
change of axial length was largely due to the change of the anterior chamber. 
Gottlieb also found that the anterior chamber depth showed the highest percentage 
of growth (Gottlieb et al., 1987). On the other hand, the axial length and the vitreous 
chamber depth in the occluded eyes were also longer than those of their fellow open eyes. 
Thus, the anterior and the posterior segments were all involved in the form deprivation 
myopia. . 
The thickness of lens showed no significant difference between the open and 
occluded eyes in our observation period. It was possible that alteration of the visual 
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environment after birth has little effect on lens development (Hodos and Kuenzel, 1984; 
Pickett-Seltner et al., 1987; Wallman and Adams, 1987; Schaeffel and Howland, 1988). 
7.3.3. Axial length change with caliper measurements 
The occluded eyes of the experimental chicks showed biphasic growth in axial 
length during the observation period. The axial length in occluded eyes was significantly 
longer than those of open eyes and normal eyes. Open and normal eyes were not 
significantly different. These observations were the same as the results by Marsh-Tootle 
et aL (1989)，Troilo et al (1990)，Wallman et al (1978b)，and Wiesel et al. (1977), and 
implied that normal visual input is important to normal eye growth. Form deprivation, an 
abnormal stimulus, influences the axial length of the eye. These conditions exist in 
humans. Congenital and early developmental anomalies resulting in retinal image 
degradation are associated with myopia and increased axial elongation. Comeal opacitis, 
cataracts and ptosis are three conditions that have been well studied (Fledelius, 1976; 
Robb, 1977; 0'Leary and Millodot, 1979; Hoyt et aL, 1981; Rabin et al., 1981; Von 
Noorden and Lewis, 1987; Gee and Tabbar, 1988; Shih and Lin, 1989; Twomey et al, 
1990; Calossi, 1994; Zhang, 1996). Visual impoverishment of retinal images plays an 
early regulation in postnatal eye growth. Wiesel and Raviola (1979) induced comeal 
opacification of the macaque monkey eye, resulting in increase of axial length. Thus 
there appears to be a vision-dependent, intraocular growth-regulation mechanism. 
7.3. Morphology and Morphometry of myopic retina 
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Two weeks of translucent occlusion could induced ~1 mm of abnormal vitrous 
chamber elongation, 20 % thinning ofthe retina and 60 % thinning of the choroid (Liang 
et aL, 1996). In our study, we found that the thickness of the occluded eyes was reduced 
especially that of the inner nuclear layer (ESfL). Thus, we studied immunolabeling of 
calretinin to detect the some of the neuronal cells in the inner nuclear layer (EML), and 
counted the calretinin staining cells. 
Calretinin is a calcium-binding protein that is distributed extensively in the central 
nervous system. It is localized in the cell body and neurites of specific neuronal 
populations and serves, therefore, as a reliable anatomical marker. Pasteels et al. (1990) 
compared of the localization calretinin with that of calbindin by immunolabeling in the 
retinal cells of monkey, pig, cheep, cat, cat pigeon, salamander and chick. He found all 
species have horizontal cells, which contain calretinin or calbindin or both. A l l species 
have amacrine cells and ganglion cells containing one or other proteins. Calretinin rarely 
labels in photoreceptors or bipolar cells. In this study, the calretinin staining cells in the 
inner nuclear layer were horizontal cells and amacrine cells according to their location 
and appearance. We counted the amacrine and horizontal cells respectively. The 
calretinin staining amacrine cells were reduced, but horizontal cells were not changed. 
Teakle et al, (1993) examined the lid-sutured chick eyes. He found after 4-7 months of 
monocular lid sutureing, the retina expanded 25-70 %, but the total number of 
dopaminergic amacrine cells was unaltered. These different results may be because 
Calretinin stained amacrine cells which differed from dopaminergic amacrine cells. 
Another possibility was that we observed 2-3 months, not 4-7 months. 
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7.4. Effect of Retinal Toxins on Myopic Eyes 
7.4.1. Intravitreal injection of iodoacetic acid (IAA) 
Iodoacetic acid (IAA) is a metabolic inhibitor, which was first shown to produce 
toxic effects on the mammalian retina through intravenous administration. Depending on 
the dosage, the toxic effect of intravenous IAA may be reversible or may lead to 
photoreceptor cell death. IAA has been shown to impair the structure and functions ofthe 
photoreceptor cells in cat, rabbit, and monkey. However, the dose which leads to 
photoreceptor cell degeneration by intravenous administration may also cause severe 
systemic side effects which hinder its application as a useful method for inducing retinal 
degeneration. Intravitreal administration with IAA may damage inner retinal neurons, 
such as bipolar and ganglion cells, as well as photoreceptor cells (Bnme and Lapetina, 
1980). 
In this study, intravitreal injection of a large dose of iodoacetic acid produced 
severe degeneration of the retina neurons directly retarded the growth in the injected eyes 
either the occluded or the open eyes. It also retarded the growth of the occluded eyes 
when the open eyes were injected, but not vice versa. These results were similar to the 
results of Oishi et al .(1988), Lauber (1990), Westbrook (1995), who used intravitreal 
injection of formoguanamine (FG) in the form deprivation chick. They found injected 
eyes failed to show the high refractive myopia and showed less axial elongation than that 
developed by deprivation eyes. Our results were also similar to the results of Ehrlich et 
aL (1990) who studied intravitreal injection of tunicamycin (0.1 or 1 ^g/eye). They 
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showed that the treated retina displayed massive disruption and loss ofal l cell types with 
a single row ofpigmented retinal epithelial cells remaining. Eye growth was inhibited. 
In addition we studied an indirect effect of eye growth. When the open eyes were 
injected with IAA, the growth of fellow occluded eyes was reduced compared with non-
injected occluded eyes, but not vice versa. Thus the regulatory mechanisms of the 
occluded eye were sensitive and responsive to the visual experience of the fellow open 
eyes through a central control mechanism. Bradley et al. (1999) noted the relationship 
between fellow open eyes and form deprivation eyes, and observed that when the 
untreated eyes received different types of unilateral pattem deprivation: namely aphakic 
eyes with optical correction, aphakic eyes with no correction, and eyes occluded with an 
opaque contact lens, the refractive status and globe length altered significantly compared 
to the eyes of normal monkeys. Furthermore, the alterations in eye growth varied in 
relation to the type ofvisual input provided to their fellow treated eyes. We did not fmd 
any changes in the fellow open eyes when the occluded eyes were injected with IAA. But 
our observations still implied that there was communication between the two fellow eyes. 
When open eyes were injected with IAA, the eye growth of occluded eyes was 
smaller than that of non-injected occluded eyes, but not vice versa. This suggested that 
the mechanisms were different between normal and occluded eyes. 
7.4.2. Intravitreal injection of glutamate 
^ Glutamate analogues had been used in research of myopia and eye growth. Three 
glutamate analogues, N-methl-D-aspertate C^MDA)�Kainic acid (KA), and quisqualic 
acid (QUIS) had little effect on eye growth (Fischer et aL, 1997, 1998; Wildsoet et al., 
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1988; Lauber et al., 1990; Ehrich et aL, 1990). Glutamate, an endogenous amino acid, 
had more widespread effects than any of the analogs (Reif-Lehrer et aL, 1975; Casper, 
1982). Intravitreal injection of glutamate in the rats and mice had been demonstrated to 
cause retinal neuronal degeneration (Lucas et al” 1957; Olney, 1969; Potts et aL, 1960; 
Cohen, 1967; Freedman et al., 1962; Karlsen et aL, 1976; Sisk, 1984a; Sisk et aL, 1985). 
However, it is the first such study, to our knowledge, to determine the effect on eye 
growth in chicks. 
Day 1 to day 3 after injection, the retinal ganglion cells swelled. In the inner part 
of the inner nuclear layer, the amacrine cells was swollen. In the outer part of the inner 
nuclear layer, shrunken and densified nuclei were seen. These observations were 
comparable to that ofSisk's observations (Sisk et al, 1985) in rats. However, they found, 
at 2 months after injection in rats, degenerative changes in rod spherules and some loss of 
photoreceptor nuclei. These findings were not seen in our experimental animals. 
The effect ofglutamate intravitreal administration was different than the results of 
IAA intravitreal administration. The retina degenerated at 1 day after IAA injection, 
showing severe necrosis with total loss of retinal architecture, gliosis and necrotic cells. 
However, the histopathologic change caused by intravitreal injection of glutamate was 
mild and at 14 days after injection, the shrunken and densified nuclei in the inner nuclear 
layer (INL) disappeared. The remaining cells in the inner nuclear layer appeared 
unremarkable. In this experiment, we observed that some of the retinal cells were 
, damaged to affect eye growth 
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At 14 days after glutamate injection in the occluded or fellow open eyes, the 
growth of the occluded eye was reduced. Glutamate administration could inhibit the 
growth of occluded eyes 
On the other hand, the growth of open eyes showed no difference among injected 
open eyes, injected fellow occluded eyes, and normal control eyes. The mechanisms of 
growth in open eyes was different than that of the occluded eyes. 
7.4.3. Intravitreal injection of 5,7-DHT 
Hoffmann et aL (1995) found that occluded chick eyes following intravitreal 
injection of200 [ig of 5,7-DHT became significantly less myopic than eyes with vehicle 
injection (-3.5 土 4.7 D vs —11.1 士 3.6 D, p < 0.001), and axial length was shorter than that 
ofthe control (9.51 士 0.29 mm vs 9.86 土 0.42 mm, p < 0.001). Our results were similar to 
those Hoffmann's. In our experiments, the axial length, horizontal length, vertical length 
and weight of the injected occluded eyes were reduced compared with those of non-
injected occluded eyes. But there was no significant difference between the injected and 
non-injected eyes. Intravitreal injection of 25-625 nmol 5,7-DHT selectively destroyed 
the serotonergic amacrine cells. Bipolar cells were also involved at a dose of 625 nmol 
(Millar et al, 1988). We observed some densified nuclei in the inner nuclear layer at a 
dose of625 nmol. It was possible that the growth in the occluded eye was associated with 
the serotonergic amacrine cells and bipolar cells, but in the open eyes, it was different. 
These findings are consistent with the hypothesis that the mechanisms of eye growth in ‘ 
open and occluded eyes were different. 
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7.5. Effect of Lighting on Myopic Eyes 
Rearing chicks in the dark, the rate of growth was the same in normal, open, and 
occluded eyes. These results were the same as the results of Yoshino et al. (1997). They 
also reared chicks in complete darkness. Two weeks later, the dark-reared chicks 
exhibited slight myopia and no significant axial elongation compared with those reared 
with a normal light /dark cycle. It is possible that blurred visual input was important to 
the growth of occluded eyes. In the dark, there was not any visual input, so there was no 
difference between normal, open, and occluded eyes. 
In the constant light condition, the rate of eye growth in the normal and open eyes 
was the same. But the rate of growth in the occluded eye was larger than in normal and 
open eyes. Li et al. (1995) observed the growth in non-occluded eyes with constant light 
compared to a normal light/dark cycle. They found that the vitreous chamber was deeper 
but the cornea was apparently flatter, the anterior chamber was reduced, and the lens 
became thinner. The axial length was not significantly different between constant light 
and normal eyes at any age. Guo et al (1996) observed the occluded eyes under constant 
light. They found all eyes treated with translucent goggles developed moderate myopia, 
comeal curvatures were slightly but significantly larger, and axial length was slightly but 
significantly increased at day 4 of treated compared with contralateral eyes. In our 
experiment, we observed the axial length, horizontal and vertical length change. There 
was no difference between the constant light condition and the normal light^dark cycle 
condition in the normal and open eyes. These results were same as Li's results. In 
addition, we continued to observe the eye growth of occluded eyes in constant light. We 
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found that there was no difference in the occluded eyes between the constant light 
condition and the normal light/dark cycles condition. But there was a difference in the 
constant light condition between the occluded eye and the open eye. One possible 
explanation for these differences was that there was blurred visual input in the occluded 
eye. The blurred visual input stimulated eye growth. 
After several months of constant-light-rearing, L i et al (1995) found obvious 
changes in the outer retina, particularly damage to the photoreceptor layer. In our 
experiment, we did not find any pathologic change in the eyes. A possibility was the 
retina of chicks was not as sensitive to light as that of like rats, and the chick eye was 
exposed constant light too short a time (1 week, not several months) to damage the retina. 
In addition, there was no difference in eye growth when chick eyes were exposed 
under green light versus fluorescence light. Thus the longitudinal chromatic aberration of 
light did not affect eye growth. These findings were similar to the results of Schaeffel's 
studies (Schaeffel et al., 1991). They found that there was no difference when occluded 
eye chicks were exposed under monochromatic light vems white light. It was possible 





In this study, we reproduced a chick model of form deprivation myopia by placing 
translucent plastic occluders on their eyes. These occluded eyes developed minus diopter 
states, deeper anterior chambers and vitreous chambers, longer axial lengths, horizontal 
lengths, vertical lengths, and heavier weights of the globes. In addition, we noted a 
biphasic rate of change in diopters, and a biphasic growth of chick eyes: an early fast 
phase, followed by a slower phase during development. In the normal eyes, the first 
phase of growth in axial length was from day 1 to day 42，while in the occluded eyes and 
their fellow open eyes, the faster phase stretched from day 1 to day 28. 
Severe retinal degeneration induced by intravitreal administration of iodoacetic 
acid (IAA) affected eye growth. The axial lengths of all IAA injected eyes were 
significantly shorter than those of their corresponding control eyes in both the occluded 
and the open eyes. Meanwhile, injection of IAA in the open eyes retarded the growth of 
the contralateral non-injection occluded eyes. The retinas of IAA injected eyes showed 
severe degeneration with extensive loss of retinal architecture and gliosis, but the 
contralateral retinas were unaffected. 
Intravitreal injection of glutamate and 5,7-DHT showed similar results. Eye 
growth in the occluded eyes was slower than that of the control occluded eyes when the 
occluded eyes or their fellow open eyes was injected. But these retinal toxins did not 
affect the eye growth in the open eyes. 
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Under constant darkness, the rate of eye growth in occluded eye was comparable 
to that of the open eyes, but growth of the occluded eyes was faster than that of the fellow 
open eyes under the constant green light or fluorescence light. 
In conclusion, the eye growth was prominently controlled by intraocular 
, mechanisms. Brain-mediated mechanism was also in effect. Normal and occlusion-
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Table 4. Comparison of axial length measurements 
using ultrasonograph of in vivo eyes and a caliper 
in ex vivo eyes (mm) 
[mean ±SE] 
Open eyes Occluded eyes 
Ultrasound Caliper Ultrasound Caliper 
~ ~ ^ 8 . 2 9 i 0 . 1 2 8 .54 i0 .16 9 . 5 4 i 0 . 1 4 9.31±0.26 
4w 9.41土0.11 10.35士0.21 10.94士0.18 11.75士0,22 
6w 10.01士0.01 11.40±0.24 11.72土0.09 12.56土0.19 
8w 10.66土0.21 12.53士0.12 12.28土0.07 14.00 土 0.26 
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Table 5. Number of amacrine or horizontal cells in peripheral and 
posterior retina per 0.0625 mm^ [mean 士 SE] 
Retinas Ceils Weeks Normal eyes Open eyes Occluded eyes 
2 ~~24.19士1.51 一 38.75ib2.27 29.75土1.48 
peripheral Amacrine 4 28.31士1.24 一 32.88土0.46 25.44土1.23 
8 "~~"31.25士0.91 - 27.63土0.85 一 23.69士1.1^ 
2 一18.38土0.76 — 23.31 士0.76 17.19土1.07 
Horizontal 4 一22.00 ± 0.65 — 23.00土0.41 19.31土0.64 
8 一20.81土0.37 一 20.19士0.80 一 18.06士0.81 
2 一36.50±1.18 一 47.75 ± 4.63 40.88土2.53 
posterior Amacrine 4 35.50士2.32 35.88土0.88 34.88土2.72 
8 一45.25士1.15— 41.38土3.87 . 28.38^1.85 
2 —23 .38士1 .13 27.88土2.40 21.50士1.05 
Horizontal 4 一 32.00士 1 . 9 2 — 24.25士0.45 一 20.13土0.90 
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Figure 1. Refractive states of eyes. There were gradual and significant increases 
in myopia of the occluded eye, while their fellow open eyes showed 
significant decreases in hyperopia from 4 weeks to 8 weeks. [P < 0.05, 








































































































































































Figure 2. In vivo ultrasonographic measurements of chick eyes at various time 
after occlusion. The change in anterior chamber depth, lens thickness, 
vitreous chamber and axial length in all three measurements was 
biggest between 2 and 4 weeks. The anterior chamber depth showed the 
biggest percentage of growth within the observation period, with the 
axial length next, while the lens thickness showed the least change. 
Except the lens thickness and the axial length in 2 weeks, anterior 
chamber depth, vitreous chamber depth, and axial length of the 
occluded eyes were always longer than those of the fellow open eyes. [P 
< 0.001, Two way ANOVA and Tukey's test] 
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Figure 3. Axial length by calipers in the normal, the open and occluded chick 
eyes from 1 day to 12 weeks. There were biphasic growth patterns in 
the normal, the open and the occluded eyes: an initial faster growth 
phase, followed by a slower growth phase. Note the faster growth phase 
in the open and the occluded eyes were from 1 day and 4 weeks, while 
in the normal eyes from day to 6 weeks. Linear regression was used to 
obtain the lines and rates. 
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20 ^ ^ ^ 
Normal eyes ^ - ^ 
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Weeks of Occlusion 
Figure 4. Horizontal length of by calipers in the normal, the open and the 
occluded chick eyes from 1 day to 12 weeks. Similar to axial length 
measurements (Figure 3), there were also biphasic growth patterns in all 
three groups of eyes. Note the transition points between the phases were 
all at the 6 weeks. 
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Figure 5. Vertical length by calipers in the normal, the open and the occluded 
chick eyes from 1 day to 12 weeks. Similar to axial length 
measurements (Figure 3)，there were also biphasic growth patterns in all 
three groups of eyes. Note the transition points between the phases were 
all at the 6 weeks as the horizontal length (Figure 4). 
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Figure 6. Weight of chick eye globes. The weight of the occluded eyes was 
significantly more than the normal and the open eyes. * indicates 
significant differences [P < 0.05, Two way ANOVA and Tukey's 
test] with the normal or fellow open eyes. # indicates significant 
difference [P < 0.05, Two way ANOVA and Tukey's test] with the 
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Figure 7. Histological features of the peripheral retinas from the normal, the 
open and the occluded chick eyes. Retinas of the normal eyes at 2 
weeks (A), 4 weeks (D), and 8 weeks (G); retinas ofthe open eyes at 2 
weeks (B), 4 weeks (E), and 8 weeks (H); and retinas of the occluded 
eyes at 2 weeks (C), 4 weeks (F), and 8 weeks (I). The thickness ofthe 
retinas showed a gradual and noticeable reduction especially of the 
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Figure 8. Immunolabeling of caIretinin at peripheral retina at 2 weeks after 
occlusion in the normal (A), the open (B), and the occluded chick 
eyes (C); at 8 weeks after the occlusion in the normal (D), the open 
(E)，the occluded eyes (F). The caIretinin positive cells were amacine 
cells (arrows) or horizontal cells (arrowheads). From 2 to 8 weeks, the 
number of amacrine cells and horizontal cells in the normal eyes 
appeared unchanged while the number of these cells in the open and the 
occluded eyes seemed reduced. 
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Figure 9. Immunolabeling of calretinin at posterior retina at 2 weeks after 
occlusion in the normal eyes (A), the open eyes (B), and the 
occluded eyes (C); at 8 weeks after the occlusion in the normal eyes 
(D), the open (E), the occluded (F). Calretinin positive cells were 
amacrine cells (arrows) or horizontal cells (arrowheads). At 2 and 8 
weeks, the number of amacrine cells in the normal eyes appeared 
unchanged, but their numbers seemed reduced in the open and the 
occluded eye. However, the number of horizontal cells appeared 

























































































































































































































































































































































































































































































Figure 10. Axial, horizontal and vertical lengths of chick eyes and the weight 
of eye globes after intravitreal injection of IAA. The axial length of 
the IAA injected eyes (open and occluded) were significantly shorter (P 
< 0.05, Two way ANOVA and Tukey's test) than those of the 
corresponding non-injected occluded or open eye. When the open eyes 
were injected with IAA, the axial lengths of the occluded eyes were 
shorter (P < 0.05, Two way ANOVA and Tukey's test) than the axial 
length of the occluded eyes when their contralateral eyes were not 
injected with IAA. The horizontal and the vertical length showed 
similar trends but no statistical significance. The weights of IAA 
injected eye globes were significantly lighter (P < 0.05, Two way 
ANOVA and Tukey's test) than those of the non-injected eyes, but 
injection o f lAA did not affect the fellow eyes. 
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Figure 11. Histopathologic features of chick retinas after intravitreal injection 
of IAA. (A) Normal control retina. Note the well organized retinal 
architecture. (B), (C) and (D) day 1，2 and 3 after injection of IAA. 
The internal limiting membrane was detached and partially disrupted. 
The inner layers of the retinas were necrotic with dissolution of the 
nerve fiber layer (NFL) and the retinal ganglion cell layer (RGCL). The 
inner plexiform layer (IPL) was grossly swollen and partially lysed. The 
inner nuclear layer (INL) showed extensive necrotizing degeneration. 
The outer nuclear layer (ONL) was vacuolated and thinned with marked 
loss of photoreceptor elements. The retinal pigment epithelium (RPE) 
showed vacuolated necrosis with dispersion of melanin granules in the 
subretinal space. (E) Day 7 after injection o f IAA. There was total loss 
ofretinal elements and architecture. The inner layers were missing. The 
outer layers were replaced by multiple layers of glial cells. The retinal 
pigmented epithelium (RPE) showed moderate reactive proliferation. 
(F) Day 14 after injection of IAA. The sensory retina was totally lost 
and the remaining glial cells were intermingled with the reactive 

















































































































































































































































































































































Figure 12. Axial (A), horizontal (B), the vertical lengths of chick eyes (C) and 
weight of the eye globes (D) after intravitreal injection of 
glutamate. Injections of glutamate reduced the growth of the occluded 
eyes as measured by axial, horizontal and vertical lengths as well as by 
the weight of the eye globes when given to either the occluded or the 
fellow open eyes. However, there was no significant effect in the 
growth of open eyes when glutamate was given to either the open eyes 
or their fellow occluded eyes. 
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Figure 13. Histopathologic features of chick eyes after intravitreal injection of 
glutamate. (A) Normal control retina. Note the well organized retinal 
architecture. (B) Day 1 after injection. The retinal ganglion cells showed 
swelling. In the outer part of inner nuclear layer (INL), condensation of 
nuclei was seen. Space between shrunken cells was also noted in the inner 
part of the inner nuclear layer (INL). (C) Day 3 after injection. The 
retinal ganglion cells (RGCs) decreased in number and some nuclei were 
condensed. Swelling retinal ganglion cells (RGCs) still could be found. 
Some spaces between cells were filled with eosinophilic material. (D) 
Day 14 after injection. The number of retinal ganglion cells (RGCs) 
decreased. The cell number in the inner nuclear layer (INL) also 
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Figure 14. TUNEL in chick retinas after intravitreal injection of glutamate. 
TUNEL positive nuclei were seen in the outer part of the inner nuclear 
layer (INL) at day 3 after injection (C), but were not seen in the normal 
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Figure 15. Axial (A), horizontal (B), and vertical lengths of chick eyes (C) and 
weight of eye globes (D) after intravitreal injection of 5,7-DHT. 
Compared to the non-injected occluded eyes with fellow eyes also non-
injected, injections ofDHT reduced the growth of the occluded eyes as 
measured by axial, horizontal and vertical lengths and weight of eye 
globes when given to either the occluded or the fellow open eyes. 
However, it was no significant effect in the growth of the open eyes 
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Figure 16. Histopathologic features of chick retinas after intravitreal injection 
of 5,7-DHT. (A) Normal control retina. Note the well organized 
retinal architecture. (B) Day 2 after injection. In the retinal ganglion 
cell layer (RGCL) and the inner nuclear layer (INL), shrunken cells 
with densified nuclei were observed. (C) Day 14 after injection. The 
cell number in the ganglion cell layer (RGCL) and inner nuclear layer 
(INL) decreased. The outer nuclear layer (ONL) was unremarkable. (H 
& E staining) 
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Figure 17. TUNEL of chick retina after intravitreal injection of DHT. Note 
scattered TUNEL positive nuclei in outer part of inner nuclear layer 
(INL) at day 3 after injection (C), but were not seen in the normal 
retina (A), at day 1 after injection (B), and at day 14 after injection (D). 
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Figure 18. Axial length, horizontal length, and vertical length of chick eyes 
under normal dark/light cycles, the constant dark, constant green 
light, and constant fluorescent white light. In contrast, under normal 
darky'light cycles, the occluded eyes showed significant larger sizes 
than the normal or the fellow open eyes. Under constant dark, there 
was no difference among the three groups in the three measurements. 
However, under constant light, the occluded eyes was significant lager 
than the normal and their fellow open eyes; but they were no different 
from those of the normal light/dark cycles. There was also no statistical 
difference between green light and fluorescence white light. 
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